The feasibility of using an inductively coupled plasma mass spectrometer as a muitieiement detector for flow injection analysis (FIA) and ion-pair reversed-phase liquid chromatography was investigated. Sample introduction was by uitrasonk nebulization with aerosol desolvation. Absolute detecton limits for FIA ranged from 0.01 to 0.1 ng for most elements using 10-pL injections. Over 30 elements were surveyed for their response to both anionic and cationic ion pairing reagents. The separation and selective detection of various As and Se species were demonstrated, yielding detection limits near 0.1 ng (as element) for ail six species present. Determination of 15 elements in a single injection with multiple ion monitoring produced shniiar detection limits. Isotope ratios were measured with sufficient precision (better than 2 % ) and accuracy (about 1 % ) on eluting peaks of Cd and Pb to demonstrate that liquid chromatographyhductively coupled plasma mass spectrometry should make speciation studies with stable tracer isotopes feasible.
The toxological and biological importance of many metals and metalloids depends greatly upon their chemical form (1, 2) . However, most measurement techniques for trace elemental analysis are suitable for determining only the total amount of individual elements and do not provide information about the chemical states present. Initial investigation of techniques for "elemental Speciation" began in the early 1970s ( 3 , 4 ) , and research activity in this area has escalated steadily since then (5-18).
Liquid chromatography (LC) is a particularly attractive aproach to speciation because it can be used to separate nonvolatile and thermally labile compounds. In particular, reversed-phase liquid chromatography (RPLC) has been employed to an increasing extent. It can be used to separate both ionic and nonionic components and shows greater resolution capabilities than ion exchange (19) , meaning it is applicable to a broader range of species. Also, the RP packings are considerably cheaper than those used for ion exchange (20) . Conventional detectors for LC, such as refractive index, ultraviolet, or conductance detectors, provide response that is more or less universal for various metal species. Thus element-specific or multielement detectors are also needed.
Of the element-specific detectors, colorimetry (21, 22) , flame atomic absorption spectrophotometry (FAA) (5-9, and graphite furnace atomic absorption spectrophotometry (GFAA) (23) have found the most use. FAA has not exhibited sufficiently low detection limits as a chrpmatographic detector, except where preconcentration is possible (5, 7). GFAA exhibits useful detection limits but suffers from an inability to monitor the LC effluent in a continuous fashion (fractions must be taken, which is cumbersome even if the process is done automatically).
Multielement detection of LC effluents offers additional advantages over other techniques. Sample introduction 0003-2700/86/0358-2541$01.50/0 0 1986 American Chemical Society methods are simple and readily coupled to an LC column. Also, besides being inherently selective and sensitive techniques, they offer the possibility of performing simultaneous speciation of two or more elements on the same injection (8, 13, 24) . A multielement detector can also avoid chromatographic interference caused by coeluting peaks of different metals.
The multielement detectors that have been tried in combination with LC are atomic fluorescence spectrometry (25, 26) and atomic emission spectrometry (AES) with the microwave induced plasma (29, direct current plasma (11,12, 14,28) , and inductively coupled plasma (ICP) (8-10, 13,24, 29) . As yet, none of these techniques for LC detection have seen much use outside analytical research laboratories largely because few of them have exhibited adequate powers of detection. Recent improvements in the direct injection nebulizer for ICP-AES are very promising in this respect (30, 31) .
We now describe the use of inductively coupled plasma mass spectromety (ICP-MS) as a multielement detector for reversed-phase liquid chromatography. The advantages that ICP-MS offers as an LC detector are its excellent detection limits, multielement capability, and the ability to measure isotope ratios on eluting peaks. The last capability should be of use in biological speciation tracer studies as well as in measuring concentrations by isotope dilution, which saves the time of running several chromatograms to obtain a calibration curve and compensates for matrix effects. LC offers at least one potential advantage to ICP-MS users as well: the ability to remove a troublesome matrix on-line. Papers describing the off-line preconcentration of trace metals in seawater (32) and removal of matrix elements by ion exchange (33) using ICP-MS detection have been published.
Flow injection analysis (FIA) was performed here only as a preliminary to the chromatography, in order to estimate the dispersion in our sample delivery system. However, FIA-ICP-MS could well be a useful technique in its own right, particularly to avoid plugging the sampling orifice when solutions of high salt content need to be analyzed (34, 35) .
EXPERIMENTAL SECTION Apparatus. A Varian Model 2010 dual piston HPLC pump,
Rheodyne 7125 injector and Scientific Systems, Inc., purge valve (for rapid flushing) comprised the LC system. The column used in all studies was an Alltech Associates Econosphere C, type of the usual dimensions, 25 cm long, 4.6 mm i.d., and with 5-pm particle size. A C,, guard column and a filter element were placed between the injector and analytical column. Samples were loaded with a syringe onto loops of various sizes. For FIA experiments, the outlet of the injector was connected directly to the nebulizer by stainless steel tubing (0.51 mm i.d., same length as column); Le., the column was bypassed.
A continuous flow ultrasonic nebulizer (36, 37) was used to generate aerosol from the LC effluent. This nebulizer was used because it yields better detection limits and facilitates selection of ICP operating conditions for multielemental analysis with ICP-MS relative to conventional pneumatic nebulization (38). The LC column was connected to the nebulizer by stainless steel tubing (0.25 mm i.d. x 25 cm long). This connection yielded a dead volume of 13 p L in the liquid phase. The end of the tubing entered the spray chamber and was carefully bent so that the liquid stream wetted the face plate of the ultrasonic transducer. The efficiency of this nebulizer was measured to be 35% with a new transducer. This result was obtained by pumping 100 mL of deionized water onto the transducer at 1.5 mL m i d and collecting the unnebulized solution at the drain with' a graduated cylinder. In approximately 2 weeks, this efficiency degraded to 10% (34, 36) and stayed uniform for over 3 months. No mixing baffles (36) were used so that aerosol flow out of the spray chamber was unobstructed. The distance between nebulizer and ICP torch (through the desolvation apparatus) was approximately 2 m. The heating chamber for the desolvation device was kept at 100 "C and the condenser was cooled with ice water. Memory or loss of analyte in the desolvation device was not observed for the species studied, although in our experience these effects can occur for some elements that form stable volatile compounds, e.g., B, Os, and Re (36).
References 38-40 describe and illustrate the Sciex ELAN Model 250 ICP-MS used. An extended Ames Laboratory torch was employed (38) . The original Sciex ion lens and software (version 2.0) were used throughout this study. Typical ICP operating conditions for both FIA and LC experiments were 1.2 kW forward power, sampling position on center, 26 mm from the load coil, 13 L min-' outer argon flow, 0.8 L min-' auxiliary flow, and 1.2 L min-' aerosol gas flow rate. These operating conditions were selected to improve stability and attenuate ionization interferences and typically caused a compromise of a factor of 5-10 in detection limits relative to the best values achievable (38, 41) .
The mass spectrometer was operated in a "peak hopping" mode in low resolution as described previously (38) . Data were obtained at three m / z positions spaced 0.1 dalton apart across the top of each peak of interest. The dwell time for each individual measurement was typically 100 ms. This process was repeated until the total time accumulated at each measurement point equaled that selected by the operator (0.5 s unless otherwise specified). The most abundant isotope of each element was monitored, except for '%e and 44Ca.
Reagents. The mobile phases were prepared as follows. Ion pairing reagents PIC-B5 (sodium pentanesulfonate) and PIC-A (tetrabutylammonium phosphate) were obtained from Waters Associates. These were prepared according to the manufacturer's directions by adding to a 1-L volumetric flask and filling to the mark with HPLC grade methanol (Fisher) and deionized water (Millipore). Reagents then had been buffered to the necessary pH: 3.0 and 7.1 for the PIC-B5 and PIC-A, respectively. The sodium hexanesulfonate used in the FIA studies was obtained in solid form from Regis Chemical Co. The mobile phases were filtered with a 0.45-pm pore nylon filter and degassed under a light vacuum (aspirator) for 20 min. After a day's run, columns were flushed with 50/50 methanol/water overnight at a flow rate of 0.5 mL min-'.
The ethylenediaminetetraacetic acid (EDTA) was reagent grade and prepared as a 0.01 M solution from the disodium salt. Sodium arsenate and arsenite were obtained from Fisher, methanearsonic acid from Sigma, dimethylarsinic acid from the Environmetal Protection Agency, and sodium selenate and selenite from Alfa. Standards containing 100 mg L-' (as element) of each species were prepared gravimetrically. These standards were then combined and diluted in deionized water for these experiments.
Isotopically enriched Cd and Pb were obtained as CdO (96.53 atom % 1'6Cd) and PbC03 (99.76 atom % 206Pb) from Oak Ridge National Laboratories, weighed to the nearest 0.1 mg, and dissolved in dilute "OB. Aliquots of these concentrated standards were mixed with natural abundance solutions in known amounts.
RESULTS AND DISCUSSION
FIA Reagents. Flow injection analysis (FIA) was performed prior to HPLC separations to determine the ideal response of the instrument to a transient signal. In all cases, detection limits were calculated as the amount of the element necessary to give a peak height (blank subtracted) equal to 3 times the standard deviation of the background count rate at each mass. The detection limits reported (for LC also) were later found to be identical even when injecting analyte concentrations that were close to (about lox) the detection limit. Table I illustrates the change in the absolute and relative detection limits as the injection size was varied. As expected, the concentrational detection limits deteriorated as smaller volumes of analyte were injected while absolute detection limits improved.
Another experiment was performed in which the solution uptake rate was varied keeping the injection volume and concentration constant at 100 pL and 20 pg L-I, respectively. No significant difference in detection limits (i.e., more than a factor of 2) was observed as the flow rate was varied between 0.5 and 1.5 mL min-'. However, as the ultrasonic transducer aged it became apparent that the amount of mist produced at the low flow rates had decreased, and so only flow rates Table I1 shows FIA absolute and relative detection limits; data for each element were obtained under the same ICP-MS conditions. The experiment was meant to simulate typical RP-LC conditions: the matrix was 15% methanol in water with 0.005 M sodium hexanesulfonate added. Four elements, each 40 ng, were determined on each injection. Since the FIA peak heights varied by 10-20% at this injection volume (10 pL), three injections were made for each set of elements and the largest peak was used to calculate the detection limit. A similar FIA study using 100-pL injections showed 1-4% reproducibility in the peak heights; relative detection limits were also better by a factor of 2-3 than for the 10-pL injections. This imprecision seen in the measurement of smaller volumes was not a serious problem because the LC column would broaden analyte peaks considerably and improve the precision compared to the FIA experiment. Note that in some situations a certain amount of band broadening may be prefered in order to allow time to measure all the elements of interest with adequate precision and accuracy (42, 43) . This is because the mass analyzer determines the elements in sequential fashion, and this must be kept in mind when interfacing any nebulizer to ICP-MS for LC detection.
FIA detection limits for the rare earths and Y are listed separately in Table 111 . This shows that if the background can be kept low, detection limits are excellent. The authors have already encountered the problem of high background in the analysis of uranium by ICP-MS (38). comparison of the blanks for each element in deionized water, 5% methanol, and methanol and 0.005 M sodium hexanesulfonate. The data indicate only trace impurities in the methanol but substantial background for Mg, Al, Mn, Ni, As, and some other metals from the ion pairing reagents. Some of these ipterferences might be due to molecular ions from the alkylsulfonates. Zinc, for example, also showed a large background, which was probably due to SOz+. The background at mlz 52 (Cr) was probably Arc+, and Mg and A1
were probably masked by molecular carbon or hydrocarbon species (Cz+, CzH,+, etc.) formed from the methanol. The identity of these spectral interferences was not investigated in detail. As the methanol concentration of the mobile phase increased, sensitivity (i.e., slope of calibration curve) generally decreased while background levels generally increased for the light elements. Background levels for heavier elements did not change much in the absence of the ion pairing reagent. Therefore, the detection limits generally deteriorated and the background-equivalent concentrations increased as the concentration of methanol and ion pairing reagent increased.
HPLC Results. The ultrasonic nebulizer generated an intense aerosol from either water or the water-methanol mixtures with no deleterious effects on its operation. The maximum amount of methanol that could be tolerated before extinguishing the plasma was about 20%. A light coating of carbon was visible on the sampling cone after a day's operation, which could be readily cleaned (44). The methanol-water mobile phase did not otherwise harm the performance of the ICP-MS in any way over the course of 1 month. Some initial experiments were conducted to investigate the retention processes on a R P column. First, we attempted to compare the detection limits obtained by FIA to those where the analyte was passed through the column but not retained (as in ref 45) . However, after large concentrations of Co were injected and no response was seen, Co was finally added to the mobile phase. Still, after 1 mg L-' Co in 5% methanol was pumped through the unused column for over 30 min, no Co signal was seen. The Co, however, could be completely washed off the column with EDTA. Later, it was learned that it is impossible to completely "end-cap" a reversed-phase column, i.e., chemically modify all the reactive silanol groups on the silica support (46). This explained the retention of the Co by the new column.
Ion pairing reagent was then added to the mobile phase. Surprisingly, after injection the Co eluted in about 10 min. Apparently, the ion pairing reagent suppressed the irreversible adsorption of metals onto the silica. However, when EDTA was injected following the metals, a small amount of the metals was still rinsed off the column. This indicated some remaining adsorption problems because the metals were not in the EDTA blank.
Another problem experienced was that cations with a +3 or greater charge were retained on the column, even in 15% methanol, 25 min after injection. Flushing with EDTA confirmed the presence of these ions on the column. Judging from the literature, Cr(II1) seems to be the only tripositive species claimed to be separated by a reversed-phase column (11,31) . The number of species that could be separated directly (without complexation) would be increased substantially if this strong retention of triply charged cations on a reversedphase column could be moderated.
We proceeded to test over 30 elements with the PIC-B5 reagent to see qualitatively how many would produce peaks. Table V summarizes this information, including the approximate retention times, base line peak widths, and detection limits obtained. Some peaks were very broad, but this was not a dead volume problem with the nebulizer because other peaks were quite narrow: 1.5 min at the base line, which was only 3 times the width of the FIA peaks. In other words, the Tables I1 and I11 to those obtained for continuous flow of aqueous solvent (about 0.1 pg L-l, Table I ) (39) indicates that detection limits deteriorated by about a factor of 10 due to dispersion in our sample delivery system and/or the methanol and other reagents in the mobile phase. Comparing the best HPLC detection limits in Table   V to the FIA results reveals an additional 10-fold loss due to band broadening within the column. This latter effect is to be expected and is a major reason why high sensitivity and good detection limits are necessary in an LC detector. Also, these detection limits are reported for only the most abundant species, whereas for some elements the standards used contained several species. There might also have been irreversible adsorption onto the column, as explained above. Despite these complications, the detection limits using ICP-MS are at least comparable to, and better for many elements, than those obtained with other atomic spectroscopic techniques for multielement LC detection (11, 14, 31) .
Qualitatively, elements in Table V which would be expected to exist as anions in solution (As; Mo, Pt, etc.) gave peaks that eluted with the void volume (II), while singly charged cations eluted a t 4-8 min and doubly charged cations at 10-15 min. Additional experiments were performed using varying concentrations of methanol in the mobile phase and various LC flow rates. I t was found that increasing the flow rate from 1.5 to 2.1 mL min-' and increasing the methanol concentration from 5 to 10% reduced the retention times in Table V substantially: doubly charged ions now eluted a t about 8 min. This is similar to behavior reported by others (9).
The use of the PIC-A reagent, which should pair with anions only, was explored next. Figure 1 . Reconstructed chromatograms of 14 elements from a single 10-pL injection. See Table VI1 for conditions. Individual species were not identified. they are cations (11) . However, other multiply charged cations listed at the bottom of the table were again adsorbed by the column. The other metals shown can plausibly exist as anions in the standards. No attempt was made to identify any of these species. Detection limits were generally poorer with the PIC-A reagent. This could have several causefi: the content of methanol in the mobile phase was higher, peaks were broader, and there were more elements present as a mixture of anionic species than for the cation separations.
R E T E N T I O N T I M E (rnin)
Next, these same metals were injected as EDTA complexes.
The stock solutions were mixed with an excess of EDTA in solution before injection. The charge of these complexes will usually be negative unless the metal exists in a high oxidation state. At the pH a t which the PIC-A reagent was used, most metal-EDTA complexes should have been quite stable unless their formation constants were very small. Upon injection of the metals listed in Table VI as EDTA complexes, it was found that Ba, Fe, V, Ag, Ca, Ti, Sn, Au, and U still did not produce any peaks. Most of these elements have relatively low formation constants for EDTA complexes (if the V and Ti existed as V(I1) and Ti(IV)), except for Fe and U (48) . The absence of an %Fe peak can be explained by the lack of sensitivity for this element due to the 40Ar*eO+ background peak. Uranium(V1) probably formed a doubly charged cationic complex and was adsorbed onto the column. The elements Cd, T1, Pb, Cu, Zn, Zr, Y , Ga, and Al, which did not show peaks in Table VI , now gave distinct peaks as anionic EDTA complexes.
Complexation with EDTA ensured that a wide variety of elements could be used in demonstrating the multielement capabilities of liquid chromatography/inductively coupled plasma mass spectrometry (LC-ICP-MS). Table VI1 shows the results of determining 15 elements as EDTA complexes on a single injection of 100 ng of each element. A background chromatogram was run with only EDTA on a previous injection in order to subtract out any metal impurities in the EDTA. The "chromatograms" were followed using the software normally used for quantitative analysis, except that a series of "detailed reports" had to be generated consecutively (using 40-50 "repeats/integration") and the chromatogram reconstructed manually. The data in Table VI1 were obtained with a total measurement time of 0.9 s for each element. The total time for a complete scan of all 15 elements was therefore about 17 s. Every 17 s a report was printed which represented the average count rate of each element over that period. Each report therefore represented a point of an element's chromatogram. The 17-9 time resolution was enough to form good outlines of eluting peaks as shown by the multielement chromatogram in Figure 1 . Detection limits for Ni and In were better with EDTA present; other elements (except Li and Rb) had simiiar detection limits in the presence or absence of EDTA. "Conditions: all elements determined on same injection of 10 pL, 10 mg L-' (100 ng) solution. Mobile phase, 5/95 methanol/ water, 0.005 M PIC-A, pH 7.1; flow rate, 2.0 mL m i d . Mobile phase and EDTA blanks subtracted from prior injection. bThe largest peak height has been used, where more than one peak is mesent. Figure 2 is a simultaneous two-element chromatogram of As and Se species (each 5 ng as element) prepared as a standard mixture of AsO,, CH,AsO:-, (CHJ2As0;, HASO?-, Se032-, and Se042-). The ICP-MS was optimized for the As signal. Detection limits were 0.2, 0.08, 0.2, 0.1, 0.1, and 0.1 ng (as As or Se) for each species, respectively. Peaks were identified by separate injections of each species. It was not possible to separate arsenite (AsOZ2-) from the monomethylarsonic acid even a t 1 % methanol and 0.6 mL min-l. Calibration curves for each species based on 5,20,40, and 100 ng (average of two injections, blank subtracted) were all linear with correlation coefficients ranging from 0.9991 (dimethylarsinic acid) to 0.9999 (selenate). Evidently, organometallic compounds can be quantitated at low levels using ultrasonic nebulization with aerosol desolvation. Figure 2 also shows that the response of the ICP-MS was similar for Se02-and Se042-but significantly different for the various As species for reasons that are unclear at this time.
The ability to measure accurate and precise isotope ratios on eluting HPLC peaks was next investigated. Reference 49 "Dwell times were 100 ms and 20 ms for the 0.5 s and 0.1 s measurement times, respectively. These data were obtained with an eroded skimmer that yielded lower analyte count rates than for other tables. 'Figures in parentheses are '70 RSD for single injection; brackets denote blank subtracted count rate of largest Cd, Pb isotopes. dExpected ratios were 114Cd/116Cd = 3.80; 208Pb/2ffiPb = 2.05.
documents the effects of concentration, operating parameters, measurement parameters, and matrix on the precision and accuracy of zinc isotope ratios determined by ICP-MS using ultrasonic nebulization with continuous sample introduction. In general, a precision of 0.5% relative standard deviation was obtainable on a routine basis, when the isotope ratio measured was in the range 0.1-10. Accuracy of 1% has been demonstrated when the isotope ratios were normalized to a natural abundance standard. It was found that extending the measurement period could compensate for decreased analyte concentration (50).
In contrast, long integration times cannot be used when determining isotope ratios of transient signals. Therefore, the amount of sample injected was a predominant factor affecting precision in the present work. Table VI11 shows the effect of sample size, concentration, and measurement time on the precisions obtained from a single injection. The isotope ratios 11*Cd/l16Cd and 208Pb/206Pb were determined on the same injection. Isotope ratios determined on the front (Le., sharp) edge of an eluting peak were neither precise nor accurate. Therefore, either the peak maximum or the point immediately following was used to calculate the first ratio. Several points along the tail of a peak could then be used before the count rate fell too low for adequate precision.
Surprisingly, the faster measurement times used in Table  VI11 did not seem to improve the level of precision obtained. In fact, at low count rates the precision worsened using 0.1 and 0.05 s (not shown) measurement times. One advantage of the shorter times was that more data points were collected, making the choice of suitable ratios seem less arbitrary. For example, with a 0.5-s measurement time, the time resolution (Le., length of time between each point of chromatogram) was 7 s, making only three to four points available to determine an average ratio. With a 0.1-9 measurement time, the time resolution was 2 s, and about 10 data points were collected for each injection.
The width of the LC peaks did not make a significant difference in precision, either. The P b peaks were almost a full minute broader than Cd peaks at the base line, but there was little difference in the level of precision obtained from data. Note the similar peak heights produced in both cases; the peak widths were approximately equal as well. Of course, one advantage of using larger sample sizes was that lower concentrations could be determined. For instance, a 1 mg L-' solution gave worse than 10% precision for Cd when a 10-pL sample was used P b could barely be detected at all. However, a 100-pL injection improved this precision to 5% for the Cd ratio.
On the other hand, count rate had a marked effect on the precision obtained. As the count rate dropped from 10 000 to about 1000 counts s-' , precision dropped from 1-3% to 3 4 % per injection. As mentioned above, the precision level became worse than 10% when the amount of analyte fell below 10 times the detection limit. Table IX illustrates that ICP-MS could accurately follow changes in the enrichment level of Cd and Pb isotopes eluting from the LC column. Also, the injection obtained by averaging the mean ratios from multiple injections was always better than that from a single injection. This is one way of effectively increasing the integration time on the peak. Further increases in precision could undoubtedly be realized by monitoring only a single element (two isotopes) and by increasing the analyte concentration and/or sample size. Relative precisions of 1.5%, with comparable accuracy, could therefore be routinely expected in these LC experiments provided analyte concentration was at least 10 mg L-' and the background was below 100 counts s-l. These figures of merit are certainly suitable to warrant initial investigations of tracing various chemical forms of the more abundant elements through living organisms (49, 50) . As for isotope dilution, a precision of 3-6% would be acceptable to determine analyte concentrations in the 1 mg L-' range using just two injections: one to determine the initial ratios, and one to determine the "spiked" ratios.
Reproducibility of retention time was always good to within a few seconds. Peak height reproducibility of the LC peaks was not as commendable, 10% or so, but this was comparable f f a Conditions: 10 p L of 10 mg L-l (100 ng) Cd, P b injected; both ratios determined on the same injection. Mobile phase 5% methanol in water, 0.005 M PIC-B5. t,(Cd) = 7:40 f 6 s. t,(Pb) = 8:05 f 6 s. *RSD from each individual injection was 1-570 based on three or four measurements along the profile of the peak following peak maximum. Measurement time was 0.4 s, dwell time 100 ms. Determined by normalizing to a standard at natural abundance under continuous flow conditions (no column). Determined by gravimetric and volumetric preparation of the sample using Oak Ridge certified enrichments. e Oak Ridge certified value. fZo8Pb not detected.
to the drift of this ICP-MS device over relatively long time frames (38) . Thus, for quantitation it is recommended that either isotope dilution or internal standardization be used. The measurement of peak areas was not attempted.
Very little is mentioned in the literature about the applications of IP-RPLC to practical samples. Figure 3a is a chromatogram of the same species in Figure 2 , taken on a different day and injecting 40 ng of each species in a deionized water matrix. The PIC-A reagent was convenient for this study because it did not contain metal ions (except as impurities) which could induce ionization interferences (34) if present in the mobile phase. Sodium and calcium were monitored a t the same time as As and Se. The increase in Na count rate at about 3 min was due to the Na injected with the arsenate and selenate species. Apparently, this singly charged cation was not adsorbed by the column and eluted close to the void volume. Figure 3b illustrates the result of injecting the same amount of analyte in a 100 mg L-' Na matrix (as chloride), to simulate a practical sample. The later eluting As and Se species were separated from the bulk of the Na. This demonstrates that an appropriate on-line LC system could be devised to separate a targeted matrix ion (in the sample) from the analyte ions of interest. When the sample was reinjected, a very similar chromatogram was obtained. However, when the analyte species were injected with 100 mg L-' Ca (as chloride, Figure 3c) , only a fraction of the Ca2+ eluted. The rest was probably adsorbed by the column. Perhaps as a consequence of this, the chromatograms taken on this and subsequent injections (Figure 3d ) showed reduced and differently proportioned peak heights. Further work will investigate the adverse affects of various matrices on the chromatography, as well as the ability of LC to prevent ionization suppression in ICP-MS by separation of matrix elements.
